The apparent speed of plaids made up of two gratings having the same spatial frequency and the same speed was evaluated (symmetrical type I). The plaids were moving vertically as defined by the intersection-of-constraints (IOC) rule with a mean duration of 300 msec. The comparison-stimulus was a horizontal line moving vertically. The main goal of the study was to test the effect of the spatial frequency of the Distortion Product (DP). Here the DP velocity is identical to the IOC velocity. The main effect is that reducing the DP spatial frequency from 4 to 1 c/deg decreases apparent speed. A smaller effect is due to the speed of the components: when this speed becomes relatively smaller than the IOC speed, apparent speed of the plaid decreases. Finally, the DP temporal frequency seems to determine the upper limit (about 16 Hz) beyond which the plaid appears as a non-rigid moving and flickering pattern.
INTRODUCTION
Moving plaids, composed of two or more drifting sinusoidal gratings, have been extensively used to study how the visual system integrates different motion signals across space and time. Extracting the velocity of a plaid, provided it is perceived as a rigid pattern, implies recovering its speed as well as its direction. However, the large amount of psychophysical data on direction encoding in plaids is in contrast with the lack of studies on speed extraction. The few data available on this topic seem, moreover, to present contradictory results, a problem which has not yet been made explicit. The main discrepancy concerns the work of Ferrera and Wilson (1991) and the work of Smith and Edgar (1991b) . We will confine this comparison, for the moment, to type I symmetrical plaids (Ferrera & Wilson, 1987) .
On the one hand, Ferrera and Wilson (1991) showed that a type I plaid appears to move more slowly than predicted by the Intersection-of-Constraints (IOC) construction (Adelson & Movshon, 1982) when its speed is judged against a reference stimulus (a grating) whose spatial frequency is the same as that of the components. A crucial point is that this underestimation increases with the angle between the directions of the components. According to Ferrera and Wilson (1991) , apparent speed is not based on the first-order motion of the components but rather on a second-order motion signal available in the plaid (which may result for instance from squaring the image). Indeed, in a type I symmetrical plaid, there is a Distortion Product (DP) whose velocity (speed and direction) is identical to the IOC resultant (cf. for instance Derrington & Suero, 1991) . Ferrera and Wilson suggest that this Distortion Product is the relevant signal for speed estimation, and that a low DP spatial frequency produces a low apparent speed. When fi is increased, the spatial frequency of the DP becomes lower which could be the reason why apparent speed decreases. This reasoning is represented in Fig. 1 : two upwards moving plaids having components of the same speed (Vcl and Vc2) but different angles fl produce different DPs. This is shown in the bottom row which schematises how the superimposition of two identical gratings creates horizontal alignments of "nodes", whose vertical distance (double arrow) represents the spatial period of the Distortion Product moving vertically. What Ferrera and Wilson (1991) find is that the speed of the plaid with low DP spatial frequency (on the right) is more underestimated than the speed of the plaid with higher DP spatial frequency (on the left). In additional measurements, these authors show that the misperception of apparent speed is lost when the reference grating has the same spatial frequency as that of the Distortion Product, which supports the idea that the DP is the relevant signal for speed matching. On the other hand, a finding which contradicts this interpretation comes from Smith and Edgar (1991b) . They used type I symmetrical plaids (fl = 45 deg) whose gratings had a spatial frequency of 1 or 3 c/deg, corresponding to DP spatial frequencies of 1.4 or 4.2 c/deg respectively. When the speed of the plaid was above 4--5 deg/sec, the plaid of high DP spatial frequency
Vcl FIGURE I. Summary of the display used by Ferrera and Wilson (1991) for symmetrical type [ plaids. Top row: on the left, a plaid moving upwards with a velocity V,o~ is represented in a velocity space (origin at the centre of the circle), the components are represented by Vc~ and Vc2. On the right, the same components are used but with a larger relative angle/3, so that V~o ~ is larger. Bottom row: spatial layout of the top gratings. The superimposition of the gratings creates "nodes". The vertical distance between these nodes (double arrow) corresponds to the spatial period of the Distortion Product which moves upwards with a velocity V,o ~. Since the spatial frequency of the gratings is constant, increasing/3 increases this spatial period.
(4.2 c/deg) was perceived as moving more slowly than the plaid of low DP spatial frequency (1.4 c/deg). It should be added that the apparent speed of single moving gratings was also measured in these two studies. The results showed the same contradiction: in the first study, reducing the spatial frequency of a single grating decreased its apparent speed, while the reverse occurred in the second study.
It could be argued that these different results come from the different ranges of spatial frequencies used in both studies. Indeed, Campbell and Maffei (1981) report a decline in apparent speed at low and high spatial frequencies with a peak at intermediate spatial frequencies (about 4 c/deg). However, this cannot be the case here, since the DP spatial frequency was below 4 c/deg in both cases.
In order to clarify this problem, we set out to test the influence of the DP spatial frequency on perceived speed in a more direct way than the preceding studies. Our methods differed from those of Ferrera and Wilson in 3 ways. First, in their work, the increase of fl produced higher speeds of the plaid since the speed of the components was constant (cf. Fig. 1 ). This is a problem for several reasons, one being that, for moving gratings, some underestimations in apparent speed only occur above a certain speed (Smith & Edgar, 1990) . Second, as shown in Fig. 1 (top row), increasing fl makes the speed of the components relatively smaller than the IOC speed (V~o c in Fig. l ) . If recovering the speed of a plaid involves some kind of averaging of the components [as suggested by Castet, Lorenceau, Shiffrar and Bonnet (1993) ], the slow-down observed with greater angles fl might be due to the relatively smaller speed of the components rather than to the DP spatial frequency. Third, making the spatial frequency of the comparison-stimulus equal to the DP spatial frequency poses a problem in that it may induce a certain strategy in the observer to favor one of the signals available in the plaid more than others (here the DP).
In order to overcome the first problem, we used plaids having the same IOC speed (it must be remembered that, for type I symmetrical plaids, V~o¢ is equal to the speed of the Distortion Product). This constant speed is represented by the vector V~o,, in the bottom row of Fig. 2 . In addition, these plaids had a constant DP spatial frequency as can be seen in the top row of Fig. 2 (the double arrow shows the spatial period of the DP). The important point here is that, as fl was changed, the speed of the components making up these plaids (Vc~ and Vc2) also changed. The constancy of the DP spatial frequency was achieved by increasing the spatial frequency of the components when fl was increased. This construction aimed at disentangling the effect of the DP spatial frequency and of the components' speed, which was the second problem mentioned in the preceding paragraph. Thus, if perceived speed is predicted by the spatial frequency of the Distortion Product, it should stay constant for the 3 plaids of Fig. 2 . Alternatively, if perceived speed implies some averaging of the signals present in the plaid, including the first-order signals elicited by the moving gratings, then the plaid on the right in Fig. 2 should be perceived as moving more slowly. Finally, to avoid the third problem, a single comparison-stimulus, a horizontal line moving vertically, was used for all test-stimuli. The advantage of a line over a grating, in the present context, is its broad spectrum across spatial frequencies. This spread of activity should reduce the risk that observers attend preferentially to a given spatial frequency channel to judge the speed of the stimuli.
Measurements of apparent speed were performed for different spatial frequencies of the Distortion Product. For instance, Fig. 3 shows three plaids having a DP spatial frequency half that of those in Fig. 2 . The full range of conditions is described in Table 1 .
EXPERIMENT 1

Methods
Stimuli
Patterns were displayed on a Barco TM color monitor (Calibrator) with 1024 (horizontal) by 711 (vertical) pixel resolution. The frame rate was 76 Hz (inter-frames duration: 13 msec). The vertical and horizontal inter-pixel separations subtended 0.0104deg at the 2m viewing distance employed in the experiments. The stimuli were generated by using a display controller (Cambridge Research System tm VSG 2/3). The luminance of each pixel was resolved with an 8-bit accuracy. A lookup table in the software was used to linearize the intensity response of the phosphors. Stimuli were drawn on the video memory which was then literally scrolled to produce vertical motion. Thus, the vertical speed of 2.38 deg/sec used in the present experiment was produced by a vertical jump of 3 pixels, i.e. 0.0312 deg or 1.9 arc min, every frame. The precision in speed of this animation was checked by measuring the distance travelled for a given duration set by the timer of the VSG card.
The test-stimuli were plaids having a mean luminance of 18 cd/m 2 and a contrast of 50%. They moved vertically within a circular aperture (diameter: 2.59deg) which was drawn on the overlay memory. The screen outside the aperture had a constant luminance equal to the mean luminance of the plaid. The angle fl between the directions of the gratings and the vertical was +15deg, +45deg, or _+65deg. For a given spatial frequency of the Distortion Product, SF, the spatial frequency of the gratings corresponding to the different angles was calculated with the following formula [cf. Wilson, Ferrera & Yo, 1992, p. 83) : spatial frequency of the grating = SF/(2 • cos(fl)]. Three different DP spatial frequencies were used for each angle ft. The spatiotemporal frequencies corresponding to the 9 resultant conditions are presented in Table 1 . This table also shows at the top of the 3 columns the speed of the gratings produced by the speed of the plaid in Experiment 1 (V~oc = 2.38 deg/sec). A high and a low DP spatial frequency are respectively represented in Figs 2 and 3.
The comparison-stimuli were horizontal thin lines (1 pixel) moving vertically. Their length was 1 deg and their luminance 46 cd/m 2.
Attempts were made to minimize the use of distance and duration cues in estimating apparent speed. For each presentation, the duration was randomly varied within a range of _+ 20% around the mean duration (300 msec). In addition, the starting point of the stimuli was randomly chosen across trials. For the plaid, any phase of the gratings could be chosen; for the line, the starting point was chosen with an uncertainty of 0.25 deg but the total trajectory was approximately centred on the fixation point.
As an aid to maintain fixation, a disk (0.15 deg in diameter) was displayed during the presentation of the stimuli.
Observers
The observers were one of the authors and four observers who were unaware of the hypothesis tested in the experiments. They had normal or corrected to normal vision.
Procedures
On each trial, the test-stimulus (a plaid of constant The spatial frequency of the Distortion Product (DP sf) is given by DP sf= 2*k *cos(fl)~ where k is the spatial frequency of the components. The temporal frequency of the components is constant for a given DP sf.
speed) and the comparison-stimulus (a line) were sequentially presented in random order with a temporal separation of 400msec between them. After each trial, observers indicated which of the two stimuli had been judged faster by pressing one of two response buttons. Successive trials were separated by a delay of 1200 msec. Within each block, two randomly interleaved staircases controlled the speed of the comparison-stimulus with a modified up-down rule (Levitt, 1971) . The first staircase distributed the data around a 71% threshold (L.71), and the second around a 29% threshold (L.29). In the first staircase, if the observer responded "line faster", the speed was decreased and stored for the next presentation of this staircase; the speed was only increased (and stored) when the observer responded "plaid faster" for two successive presentations of the same stimulus. For the first block, the starting speed values in each staircase were equal to the test-speed. Since, for each observer, the first block showed an overall underestimation of the test-speed, the starting speed values were then set to the test-speed for the L.71 staircase and to -30% of the test-speed for the L.29 staircase. At the beginning of a block, the speed was varied by a step of 10% of the test-speed. This step was halved after the second inversion in each staircase and remained fixed at 5% until the end of the block, which occurred when a minimum of 8 inversions had been completed in each staircase. The two thresholds were then estimated by taking the mean of the 6 speeds corresponding to the 6 last inversions in each staircase (Wetherill & Levitt, 1965) .
The use of two different thresholds bracketing the 50% threshold categorized the observations in two perceptually different classes: the lines that were often judged faster than the plaid, and those that were rarely. Thus, observers found the task easier than in a near chance procedure, and were thus more likely to maintain a constant criterion (Jesteadt, 1980) . The point of subjective equality (PSE) was defined as the mean of L.29 and L.71. Relative speed is then the speed of the comparison-stimulus at the point of subjective equality (PSE) divided by the speed of the test-stimulus (defined as the IOC speed).
The differential threshold was defined as half the difference between the 0.29 and 0.71 levels. The relative differential threshold (or Weber fraction) was the ratio of the differential threshold to the mean of the 0.29 and 0.71 levels.
All measurements with a differential threshold larger than 0.25 were rejected (3 thresholds for UK, and 5 for DK). Analysis of these data revealed that these high thresholds resulted from an absence of convergence of the staircases. This happens when observers respond at chance, which causes the 0.29 and the 0.71 staircases to diverge from each other. These problems may occur because of a lack of attention, or because observers have trouble maintaining a criterion of response.
Within an experimental session, 3 blocks corresponding to the different angles fl were performed. Observers performed one session a day. Each measured threshold is the mean of 4 or 5 sessions.
A preliminary experiment consisting in a speed discrimination task was performed by all observers before carrying out the main experiments. This was intended to improve the speed sensitivity of the observers and reduce the risk that their performance would change dramatically during the main experiments.
The standard (constant speed of 2.38 deg/sec) and the comparison stimuli were horizontal lines that subtended 1 deg and that moved vertically. The procedure was the same as the one described in the preceding section. Observers indicated which of the two lines moved faster. Within a block, the speed of the comparison was varied with two staircases converging respectively on 0.29 and 0.71 thresholds. The starting values of each staircase were respectively -20% and +20% of the standard speed. Auditory feedback was provided after each trial to indicate the correctness of the response. Each observer (except EC who was already trained) performed 10 blocks before starting the experiments.
Results and Discussion
Relative speed
Because of the variability between observers, only individual results are shown in Fig. 4 for five observers, These results are expressed in terms of relative speed (as defined above) against the angle ft. The three different curves in each graph correspond to three different spatial frequencies of the Distortion Product as shown in the legend. The spatial and temporal frequencies of the gratings forming the plaids used in this experiment are shown in Table 1 . The horizontal dashed line (relative speed = 1) corresponds to a correct matching of the physical speeds of the test-and comparison-stimuli. Values below this dashed line (< 1) signify Ihat apparent speed of the test (plaid) is underestimated with respect to that of the comparison (line).
What is the effect of the DP spatial frequency? When the Distortion Product has a spatial frequency of 2 or 4c/deg, apparent speed is about the same (except for DK) but the lowest DP spatial frequency of l c/deg Fig. 4 shows that the relative weight attributed to the Fourier signal is small. This is best seen by considering the slope of one of the dotted lines in Fig. 4 . These lines show the predictions for relative speed if the apparent speed of the plaid was determined by the following speed-averaging: 1/4 • V~ + 3/4 • V~,,c. Since the slope of this predicted curve is grossly consistent with the data (except for DK), it seems that the decrease in apparent speed with larger angles/3 can be accounted for in terms of averaging but only if a relatively small weight is given to the components' speed.
Given the large variability between observers it does not seem worthwhile to attempt a more precise quantitative characterisation of our data. The difference between individual performances implying judgements of apparent speed has often been reported and discussed (cf. for instance, Bonnet, 1978) . It seems that this observation is particularly true when the stimuli are plaids. One explanation is suggested by some spontaneous comments of the observers. First, they all complain that it is very difficult to base their judgement on speed and to ignore the flickering signals present in the plaid. Second, they usually express the difficulty of choosing and then keeping a single strategy to match the speeds of the stimuli: for instance some of them report that they tend to rely on the motion of "illusory contours" when these are perceptually conspicuous (i.e. when/3 = 65 deg) and on the flicker rate of the plaid otherwise. The fact that different perceptual strategies may be used by different observers is suggested by the data of observer DK. In this case, the only signal which appears to have been taken into account is the Distortion Product with a very large and monotonic effect of its spatial frequency. This kind of discrepancy between observers has recently been acknowledged by Wilson and Mast (1993) in a task bearing on the perceived direction of two-dimensional stimuli.
Weber .fractions
The Weber fractions associated with the preceding data are plotted against the angle/3 in Fig. 5 . These data are averaged across the 5 observers because of the small inter-subjects variability.
Inspection of the data on Fig. 5 shows that speed encoding is optimal for a DP spatial frequency of 2 c/deg and worst for 1 c/deg. If, as suggested by Welch (1989) , speed encoding of a plaid is limited at the stage where the components are extracted, the higher thresholds at the lowest DP spatial frequency may be due to the non-optimal temporal frequencies of the gratings used here (1.19 Hz, cf. Table 1 ). Indeed, speed discrimination of single gratings is tuned to temporal frequency with the best performance at about 5 Hz (McKee, Silverman & Nakayama, 1986) . Accordingly, Welch (1989) reported optimal speed discrimination of plaids when the temporal frequency of the gratings was 6 Hz.
In contrast, Fig. 5 shows that a loss of speed discrimination is not observed when the angle /3 is increased, i.e. when the components' speed is decreased. This would be expected if temporal frequency is the dominant factor in speed discrimination, since in the present design temporal frequency did not vary with/3 (cf. Table 1) .
EXPERIMENT 2
The preceding experiment confirms Ferrera and Wilson's (199 l) hypothesis that the spatial frequency of the Distortion Product influences the perceived speed of a type I symmetrical plaid. It remains now to find out why Smith and Edgar (1991b) report an opposite effect within the same range of spatial frequencies. One reason could be that these authors find an overestimation of apparent speed only when the plaid's speed is above about 6 deg/sec. They also find the same dependence of speed-overestimation on speed with gratings (Smith & Edgar, 1990 , 1991b . Close inspection of their data with gratings even suggest that speed underestimation occurs with speeds less than about 4 deg/sec (their Fig. 5,  1991b ).
Since the speed of the plaid in the preceding experiment was only 2.38 deg/sec, we decided to run the same experiment with higher speeds. We first started the measurements with a moderate speed of 4.76 deg/sec, but we had to stop after 2 sessions, because of an unexpected problem. When the spatial frequency of the Distortion product was 4c/deg, all observers and especially the naive ones, complained about the difficulty of the task. The main reasons were that the plaids did not appear rigid any more, and above all, the extraction of a speed signal was impossible given the "strong impression of flicker" present in the stimulus. As a consequence, observers reported that the plaids had a very high apparent speed, and increased the speed of the line by as much as 100% to obtain a perceptual match. Moreover, the differential speed thresholds were often much larger than 0.25. Given these difficulties, we decided not to carry on with this speed of 4.76 deg/sec and the results obtained in two sessions are not presented.
It seems that this kind of problem has already been reported with gratings. In his first experiment, Smith (1987) instructed observers to find the highest speed at which smooth coherent motion was visible, which happened at about 12-15deg/sec for 1 c/deg gratings (i.e. 12 15Hz). This author (p. 1498) notes that "between 15 and 30deg/sec (i.e. 15 and 30 Hz), both the pattern of the stimulus and its direction of motion are visible, but the motion does not have a specifiable constant perceived velocity". This is precisely what our observers described when the plaid had a speed of 4.76 deg/sec and a DP spatial frequency of 4 c/deg. As shown in Table 2 , the components of this plaid have a temporal frequency of 9.52 Hz, which is a value below the upper limit found by Smith (1987) . However, the temporal frequency of the Distortion Product is 19 Hz (4.76deg/sec, 4c/deg). This value is above the upper Note the high temporal frequency of the Distortion Product. In preliminary measurements using this condition, observers complained that they found it extremely difficult to extract a speed signal from the moving plaid. This resulted in Weber fractions larger than 25% so that this experiment was not completed.
frequency of 12-15 Hz, which supports the view that the Distortion Product is the relevant signal which influences the perceived speed of a plaid. Keeping in mind these values, we did the same measurements as in Experiment 1 but with plaids having a speed of 3.96deg/sec. Thus, when the Distortion Product has a spatial frequency of 4 c/deg, its temporal frequency is 15.84 Hz, i.e. approximately at the upper limit found by Smith (1987) . This time the task was performed by three observers (PL, AB and EC) with almost no difficulty. These data present a small variability between observers and are therefore averaged on Fig. 6 with the same notations as in Fig. 4 . The same pattern of results as in the preceding experiment is observed, except that the effect of the DP spatial frequency is now monotonic.
The differential speed thresholds corresponding to the DP spatial frequencies of 1, 2 and 4 c/deg were respectively 0.07, 0.06, 0.07 (observer PL), 0.05, 0.05, 0.06 (EC) and 0.18, 0.12, 0.14 (AB). The most noticeable difference with respect to Experiment 1 is that the speed sensitivities for the low DP spatial frequency and the high spatial frequency are no longer different (due to the slightly higher temporal frequency of the components: about 2 Hz for the I c/deg DP). Now, we can turn back to our initial problem: our first intention in this experiment was to use plaids of higher speeds in order to see if we could replicate Smith and Edgar's (1991b) results. What we found, however, is that when the temporal frequency of the DP exceeds about 16 Hz, the perception of a clear speed signal is abolished, which is in keeping with the same observation made by Smith (1987) with gratings. This then raises the question of the spatiotemporal parameters used in Smith and Edgar's (1991b) study. The effect of spatial frequency they report appears when the speed of the plaid exceeds about 5 deg/sec. At this speed, the temporal frequencies of the DP are 7 and 21.2 Hz for gratings of 1 and 3 c/deg respectively (the DP spatial frequencies are respectively 1.4 and 4.24 c/deg but do not depend on the plaid's speed). Given our results, the temporal frequency of 21.2Hz should produce a plaid which poses the problems mentioned above. This problem should become even worse with higher speeds. Since, in their experiment, this is the speed corresponding to higher DP temporal frequency which was underestimated, we suggest the following interpretation. It is possible that observers might have associated the poor speed signal of the high DP temporal frequency with a low speed signal (this was also paralleled by a loss of rigidity in our experiment). Another possibility is that it takes some time to disentangle the speed signal from the flicker signal. In our experiment, the mean duration of presentation was 300msec (450 msec in Ferrera & Wilson's study) which is to compare with the l sec duration used by Smith and Edgar (1991b) . Perhaps the effect reported by these authors only appears above a certain duration, but then the problem is that eye movements are necessarily involved, which renders the interpretation more difficult. Some models of motion perception take the duration of presentation into account to explain different patterns of results obtained psychophysically (e.g. Wilson et al., 1992) . For onedimensional motion, Johnston, McOwan and Buxton (1992) have proposed a spatiotemporal gradient model which predicts the results of Smith and Edgar (1990, 1991b ) with gratings. It is possible however that different predictions would be made if temporal constraints were imposed on this model. We must also ask the question why the observers in Smith and Edgar's (1991b) study did not report any difficulty in extracting a speed signal whereas our observers did. It is likely that the response lies in the nature of the comparison-stimulus. In the present experiment, the comparison-stimulus was a moving line which did not produce any sensation of flicker even at the highest speeds used. Therefore, as speed was increased, the standard and the comparison stimulus became more and more different in terms of perceived flicker. Observers were aware of this difference and expressed the difficulty of using a single criterion when matching the speed of both stimuli. Apparently, they were able to use a true speed criterion in response to the line, but this speed criterion was influenced by a temporal frequency criterion in response to the plaid. This report is in keeping with Smith and Edgar's (1991a) work which suggested (for gratings) that observers can't avoid being influenced by temporal frequency when doing speed matches and vice versa. In summary, it seems that our observers' spontaneous report of a problem, when speed was increased, relied on the following point: at low speeds, the plaid and the line could be matched on the basis of a single criterion, namely speed, whereas at higher speeds two different criteria had to be used within a single trial.
In contrast, Smith and Edgar (1991b) used a plaid as the comparison-stimulus. Therefore, in their paradigm, both the standard-and the comparison-stimulus produced some kind of flicker (at different rates) whatever the speed. As a consequence, even at high speeds, their observers could use a single criterion within any trial, namely an impure criterion (i.e. they tried to disentangle speed and temporal frequency). This may be the reason why these observers did not complain about the change induced by a speed increase.
GENERAL DISCUSSION
Our results confirm the hypothesis of Ferrera and Wilson (1991) that the perceived speed of a type I symmetrical plaid is determined in part by the spatial frequency of the Distortion Product (whose speed is V,,,~ on Fig. 2 ): decreasing the DP spatial frequency from 4 to 1 c/deg produces a decrease in the apparent speed of the plaid, even when fl is held constant [The DP signal is specifically extracted in some models of twodimensional motion perception, for instance by the non-Fourier pathway in Wilson et al.'s (1992) 
This effect is in keeping with the decrease in apparent speed observed by Ferrera and Wilson (1991) when the spatial frequency of single gratings is reduced. The second result of this study is that decreasing the speed of the component gratings by increasing the angle fl makes the plaid appear slower, even when the DP spatial frequency is constant. Neither result is consistent with a recent proposal by Wilson and Kim (1994) that perceived speed of a plaid is determined by the faster signal in a plaid, may it be a Fourier-motion or a non-Fourier motion. We should however bear in mind that this latter view comes from experiments using type II plaids, which may involve different mechanisms.
In order to explain the decrease in apparent speed produced by a decrease in the spatial frequency of the Distortion Product (or of a single grating), Ferrera and Wilson (1991) have proposed a model based on the pooled responses of mechanisms each having a separable spatiotemporal frequency response. In order to account for the slow-down effect provoked by larger angles fl, we have suggested that reducing the speed of the gratings making up a plaid of constant speed (Vioc) might bias the perceived speed of the pattern towards lower values. A similar process was suggested by Castet et al. (1993) with oblique lines translating horizontally: it was shown that local speed-readings along the line (i.e. in a direction perpendicular to the line) were also able to bias the apparent speed of the line towards lower values. When the speed extracted by local motion detectors was made smaller by tilting the line towards horizontal (without changing the horizontal speed of the line), the decrease in apparent speed was more pronounced.
A final suggestion of our work, is that the effects reported here apply to a plaid which is perceived as a smoothly-moving rigid pattern, and produces a clear perception of speed, i.e. a signal which is not overcome by flicker. Such plaids seem to be produced with short durations of presentations (here 300 msec) and when the temporal frequency of the Distortion Product does not exceed about 15 Hz.
This observation must be related to the work of Smith (1987) who used moving 1 c/deg gratings. In his study, observers reported being unable to perceive speed above 12 15deg/sec (i.e. above 12 15Hz) even though the direction of motion was visible. Despite the absence of a clear specifiable perceived speed, observers were able to discriminate speed perfectly well provided that spatial frequency was not randomised across trials. This finding suggested that performance for high velocities was based on temporal frequency rather than speed.
The common point in this study and ours is the idea that speed as such is degraded above a certain temporal limit while temporal frequency seems to become predominant. In order to explain this pattern of results, Smith (1987) used a model which assumes that perceived speed is derived from an antagonistic comparison of the responses of two broadly-tuned temporal frequency filters one low-pass and the second band-pass. Although this model of speed encoding has received psychophysical support (e.g. Smith & Edgar, 1994 : Castet, 1995 , it seems to encounter some problems to account for the aforementioned speed degradation. Part of tile problem comes from some discrepancies in the literature. The main difficulty arises because it is not clear whether the two temporal filters differ significantly in their high temporal frequency cut-off (Anderson & Burr, 1985) or differ little (Hess & Snowden, 1992) . Another uncertainty concerns the existence of a third temporal frequency channel (Mandler & Makous, 1984) and the putative function of this channel regarding speed-and/or flicker-encoding. Further research is necessary to test whether Smith's (1987) proposal is supported or not. Given these difficulties, another approach may be helpful to explain why perceived speed is deteriorated above a certain temporal frequency. One possibility is that speed and flicker are processed separately and interact with each other. In the present context, this would imply that a high flicker rate has a masking effect on speed perception.
In conclusion, the present study has clarified the conditions in which the Distortion Product of a type I symmetrical plaid determines its apparent speed. Our work has also underlined the need to study in the future the effect of spatial frequency on apparent speed (with plaids and gratings) for different durations of presentation.
